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PULSED CORFLESS BETATRONS

A. I. Pavlovskiy, G. D. Kuleshov.

Work on creating inducticn cyclic accaleratecrs with corelass
electromagnets was begun in 1955, A year and a half later the first
vorkiny designs of coreless betatrcns were completed. Further
developrent of this directicn led tc the creation of hcavy-currant
betatrons in which high acceleraticn energy is combined with large

circulating currents [1].

one of the develcped versicns cf accelarators of this tygpe is

described belowv.

Electronagnet.

During development ¢f ccrcless electromaygnats the basic

attertion vas given to oktaining the necessary characteristics
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deteraining the intensity of the electron beaw: the maximum fossihla
aperture of the range of stakility and distribution cf the magnetic
field ensuring sufficiently effective axial and radial focusinjy of
the beam., Alcrg with this it was recessary %o provide high mechanical
and electrical str=ngth cf the structure of *the electromagnet for

achieving high values of the acceleration 2nergy.

An electromagnet which meets these requirements to a sufficient

degree is shewn in Fig, 1. It ccnsists of turns formwing two rlane

"spiral coils and a solencid ccnrecting them with a gap in its middle

part. The principle of ccrstructicn cf the plane coils is clear fron
the figur2: ccncentric left half-turns are jcinad along axis AA' by

turrs of the right half-rlane.
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Corstruction of a corelcss tetatron:

1.

Fig.
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1 - turrs cf elz2ctrcemagret; 2 - hcuriny of certral sclenoids 3 -
housity of plar= coils; 4 - jacket of cantral solenocid; 5 - clanmpiny
coveri; h - central beclt; 7 - supjcrts; 8 - end contacts ¢f th2
alectromeyret; ) - cortacts ctr the ccatral seolrnoid; 10 - vacuarm

chani(re

The betatron ficld is charecterized by the following paranatars:
conracticn betwirn current I (A) 3In tht windirng of “rha electrcmagrn=t
ard the leading field ¥ (V) in the ecqguilibriun orbit of radius Ry

(cm) is deteremined by tle ratios

H=3'9 l/?o.

Azimuthal ketarog2neities dc¢ nct exccad 0.5 0/5.~22§tributicn ct

the index of drop of the field r(r, 2) is shown in Fig. 2.
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Fig. 2, Distribution of the index cf drop of the field. ;

On the basis cf this design using the method cf geometric
modeling several working acceleratcrs vare created with Ry frem 3.9

cn to 23.4 cn.

In the pulsed node cf operaticn capacitor stores were used fer

feed of the electromagnet. The erergy capacity of the store is

determined by the type of the ketatron and the final acceleration

energy:

WEI.S5ReEZ2 for E>>mgc2, where W is the energy capacity of the
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capacitor store, J; b is the fipal accsleration =ncrygy, Mev,

The characteristic acceleraticn time is fron saveral
micrestccends o milliseccnds. The raximum attainable eccelaraticn

era2vrgy in ccrela2ss betatrens usirg capecitor storas is 100 Kev,

Experimonts were alsc perfcerwcd on feoding coralzss botetrons

from explosive-nmagretic ceneratcrs XK [2].

Injection,

Extecrral, high-voltege injecticn is us2d for attaining large
circulating currsnts ir ccreless letatrons., The basic typ2 cof
irnjector is a secticned acceleratiig system fcr a voltage up %o 500
kV arnd currents ¢f about 1C A with a pulse length of 10-7-10-8 5 with

magretic fecusing of the beam at the output of the injectecer.

For intrcduction of the Lear into the areca of stability a
deflector-free system has been developed for screening the electron
charrnel at the moment of irjecticn using a channel of highly
conductive metal which causes a lcw rate of diffusion of the field
through ths wall of the channcl. Fcr localizirg the distcrticns cf

the ragnetic field outside the rance of acceleration the input systen

is equipped with a special screen, the shapc of vhich is determined
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by the curvature cof the magretic rcwer liras cf the betatror field at

the point cof its installaticn.

A characteristic peculiarity cf injection is the operation in
the range cf collective ir+teracticn of the beam: the orbit cf
injection lies outside the range cf s*abili<y (n 1.5) and capture is
realized only with injection currents above a certain threshcld
value, Fcr convenisnce of cperaticn ¢h> vacuur chembers of the

accelerators with Rg<11.7 ¢cm axe rade sealed cff.

Dischargirg the beam to the target and rcemoval frcm thc bstatron

ctamuber,

Depending on the reguirementes c¢cn the output parameters of ths
accelerator, in bestatrons of the examinsd type various methods are
used for displacement of the electrcn bsam: removal of the dynamic
stability at ths2 ond cf the acceleration cycle, deformaticn cf the

orbit, excitation of forced tetatrcr oscillations.

The basic employed pethcds cf team displacement: unbalancing of
currents in the solenocid and of plare "spirals" of the electromagnet
during the supply of current pulses to tha plac2s of joining cf these
elemeants ard the stirulation of lccal disturbances of the leading

field using sector turns. The indicated systers of discharge make it

I
v
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possible to displace beass ¢tc the target of the accelerator during
10-8 to 10—5 s and to oltain Lulses of bremsstrahlung of a

corr=sponi irng duraticr.

In scme cases the accelerated elcctron keam was remcved fron the
betatron chanmber. The kasic diagras of removal: thrcwing of the
electron bean, locally excited in the equilibrium orbit, into the
forromagnetic con2 chennel with its subsequent transport Lty a
longitudiral magnetic field ard witl compression By a skort-f :cus
coreless nmigrnetic lens, Feed ¢f the systems of transport and focusing
are combired with feed c¢f the electrcmagnet. The efficiency cf
remcval in the range of £-30 MeV was 65 9/,. The heanr was fccusa2d o

an area of about 0.5 cn2.

Heavy-current ccreless betetrecrs may be us2d as ganeratcrs of
powerful pulses of bremsstrahlurg in industrial flaw detecticn, ir
particular in the flaw detecticr cf moving objects, in the

investiga*tion of rapidly proceeding prccesses, atc.

LITERATURE,

I. Naenorckad AU, u &p. "iown. AH CUCP®, 160, ¥ I, 68 (I1235),
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